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ABSTRACT :
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programs included. The figures referenced in the paper are of
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The Physics Department at WSU-O has placed emphasis on the

use of the computer as a computer in its introduction into the
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physics curriculum. Due to the large amount of resources required
to embark upon an experimental eauqatiénal project in computer
asgisted instruction (CAI) or its related areas, we have decided
to confine our initial efforts to insgrucﬁing both our non-physics
majors and our méjors in the use of this important powerful tool.

our efforts can be.divided into two areas: (1) stand-alone
processing of numerical data and (2) on~line data'collectingland
data processing. We feel that since our physics majors go on to
édvanced research projects'in either graduate schools or industrial
laﬁoratories, they should‘have as much‘grounding in state-of"thef
arﬁ experimeﬁtal'techniques.as possible.

-Qur purpose ﬁeré is to report on the introduction of én—line
daﬁa colleétion and data processing'techniques into our inte-m~Aiat
physics -laboratory.

Using a minimum configuration PDP-8L (4K) and a digital
Equipment'AﬁOI‘analog to d;gital coﬁverter we have developed aﬁ
interfacing to two existing éhysics experiments in our intermediate

laboratory. The first is a microwave apparatus used to simulate

) Bragg diffraction of X-rays in crystals. The second experiment is
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a nuclear magnetic resonance (NMR) station. Planned, but not yet

developed, experiments include Fourier analysis using the fast
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Fourier transform, pulse height analysis, and the ztudy of the
Poisson distribution in nuclear decay. Data collection on the Bragg
diffraction apparatus, signal averéging on the NMR station, and
digital filtering of the NMR signal have been developed and will
be discussed here. .
FACILITIES
All oﬁlthe abcve experiments are based on using the ADOl
~ A/D converter in conjunction with the PPP—B/L computer. The 10
bit A/D converter has -up to 32 anaiog channels selected by program
control. The conversion thruput time is 16 usec with a 10 usec
aperture. Thé accuracy is *+ .05% full scale over a 10 volt range
which can be divided into four smaller ranges by program control.
Programs were written in PAL-III assembly language so that the
A/D converter could be called using the FNEW function in FOCAL, a
DEC (Digital Equipﬁent) supplied'convérsatibnal interpretive langu-
éée for the PDP-8. All of the students in intermediate laboratory
have been exposed to FORTRAN programming to some extent so that
-using FOCAL requires little effort. Thus time can be spent on thes
techniques of on-~line data collection and processing rather than
on learning a new assemble languagg. An additional bonus is the
interactive character of thé language which is especially valuable
in on-line operation. The price paid for using FOCAL is the large
amount of core it requirés and the large amount of execution time
involved. There is a.maximum of 1100 locations left for the users
program. Calling the A/D converter through a FOCAL subroutine
which selects scale range, channel, and_does,the conversion to the
FOCAL decimal floating point word formal resulits in a thruput time

cf 15 msec compared to the basic 16 usec thruput of the aADOl alone.
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This relatively slow thruput rate can be tolerated in many re-
search and instructional experiments.

The Bragg Microwave-Diffraction Experiment

The Bragg microwave diffraction apparatus used is commercially
available from Weich Sciénﬁific Compan§0 This apparatus was chosen
for our first experiment with on-line data collection and processing
because of its simplicity and because of the tedium it presented
in the manual collection of data. The apparatus, shown in figure
one, consists of a 4 x 4 x 4 array of steel spheresimbedded in a
plasticAfoam matrix, a three cm modulated (iOOO cycle) microwave
klystron trarnsmitter, and a crystai diode receaiver connected to a
;uned AC voltmeter (HP 415B). The recorder output of the AC volt-
meter is interfaced (biased with an inversién of polarity) to the
ADOl. A slide wire variable fesistof attached to the degree circle
at the base of the apparatus allows voltage pick offs by contacts
cqnhected to the transmitter, receiver, and "crystal" mount.

A FOCAL program (sece figure‘two)’coﬁtinuously reads the out-

put of the detector; the angle of the transmitter, receiver, and

‘crystal. If the relative orientation of the transmittex, receiver,

and crystalJéatisfies the Bragyg condition, the detector output is-.
stored in an array vs. the Braggq aﬁgle. The student moves  the arms
that sppport the traﬂsmitte: and receiver so as to keep them at
equal angles about a fixed ;efexence point. Wﬁen the computer

has collected all the acéeptable data the program types out "Data
Complete" and plqts the outpﬁt vs. angle. The results of such a
plot are shown in figure three. The gtudent has the responéibility
of determining the'angle at which the Bragg maximum occurs and

calculating tﬁe distance between reflecting planes from the Bragg



Law. This of course can be accomplished by a FOCAL program written
by him. Due to the high data collection rate the student can ex-
tend the experiment in several ways. For example, by rotating the
entire transmitter, receiver, and crystal combination a fixed
amouht, spurious maxima from réom reflections can be distinguished
. from the Bragg diffraction. The Bragg maxima will occur at the
same angles, but the background spurious responses will be shifted
to new positions. Alternately data collected with the "crystal"®
removed could be subtracted from the "erystal"-plus-background data.
Such ideas will be left for the student to explore next semester
(Spring, 1971) when the "computerized" version of this experiment
will be introduced into our intermediate laboratory.

The NMR Experiment

The second experiment used for on-line data éollection and
processing in Atomic Laboratories Inc.'s combination nuclear magnetic
resonance (NMR) and electron spin résonance (ESR) spectrometer.
(Cenco No. 71913). A current regulated supply feeding an Atomic
Laboratories' 3" magnet provides the DC magnetic field. Since the
NMR exXperiment has rather_pooi signal to neise ratio, it w NEPREY L
ed for introducing the student to the teéhnique of signal averaging.
Data previous;y‘uséd'in this experiment was displayed on an oscillo-~
scopé‘screeh. (See figure foﬁr.f

Since the magnetic fieid in this apparatus is swept by a 60
cycle-line sogrce,.the EOherence fequired for signal averaging can

" be obtained by using line voltage as a timing reference. Advantage
was taken’of the fact that the output of the unipolar ADOl is zero
when the input signal is negative. Thus the 60 cycle AC line

voltage looks iike a half rectified wave when viewed through the

e



A/D'convertgr.

A second PAL-III program was written, (copies are available
from the author), that can be called from FOCAL to provide the re-
quired timing. Arguments of the subroutine are the scale range,
the channel number, and the time at which the c¢hannel i§ to be
sampléd. The time parameter is the number of 400 usec intervals
elapsed after the.60 cycle line frequency passes through zero with
positive slope. The period of a 60 cycle wave form can then be
divided into about 40 time slots. The *“iming is determined by
searching for the first positive value of the rectified AC iine
after the line was at zero. Then the program enters a no operation
400 usec loop for the desired number of times and then samples the
signal channel called for by FOCAL.. Consistency of timing obtained
in this manner is + 14 usec with a constant time delay from the
60 cycle zero to the first time bin of 27 usec.

A FOCAL program calls the A/D converter timing routine thru

the function named FNEW (figure five). This FOCAL pragram =_.

46 time bins with N values to average out the noise. The resulting

‘array of signal vs. time is scaled and pPlotted on the Teletype.

Results for I{ = 1 and ¥ = 500 are shown.in figures six and seven.
Since the aparture of the A/D qonverter is,lﬁ’égec and ghe data

is taken at rather wideiy spacéd inéérﬁals (evéry 400 useci, the
results for N = 1 appear poore:_than'the scope display. The re-
sults fo N = 500 are rathex impressiveiwheﬁ‘compaiéd to the scbpg
display. Considerably more dramatic reéuité could be presented
if.a plotter cmtput were available. The signai to noise ratio of

the proton resonance in tap water is about one-to-one in our NMR

rig, It is hoped that the students will be able to enhance this
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signal considerably by using this signal averaging technique next
semester in intermediate laboratory. Aside from the usual NMR
studies, the students will be expected to study the dependence on
signal to noise ratio on the number of averages. Another problem
the séudent faces is that of plotting the resonance vs. magnetic
field, as is customary, rather than vs. time as is done here.

This can readily by accomplished within the PDP-8 FOCAL language.

Digital Filtering

from the NMR data a considerable 60 cycle component can be
seen (perhaps most easily in the oscilloscope trace, figure four).
Of the various techniques which could be used to eliminate this
componant from the signal, possibly the least known to our students
and physics students in general, is digital filtering. With the
greatly inéreased number of on-line applications of digital computers
for collecting and processing data in the fields of science and
engineering, digital filtering has becoms increasingly important.
The NMR sighal prévides an bpportunify for introducing digital
filtering techniques into our nhysics curriculum,

The object is to reﬁdve the 60'cycle:noise and other low
frequepcy'éomponénts that ﬁay béfpresent. Hence a high bass
lfiltér ig callé§ for &ith'a lbﬁ;fréquencinut—off of, say, 120
ijcles. ‘éﬁé waya;hié cénfbe:éccomplishediin tﬂe domputer is by
'éalculating-the_Eéﬁriéf~ébﬁp6ﬁéﬁts of thg avéféged signal by
numerical intggrafién; WTheﬁgéhe filtereé'function can be sythesized
by sﬁﬁming the ;6ﬁponents and Qmittihg the 60 cycle (the fundamental)
and the 120 cycle component. Using this approach, one must truncate
the Fbu?ier‘serié§ soméwhere and thérefqre’one is lead to a bapi-
pass filter wiﬁh;édmé highufiequency éutéoff. From'inspectidn of‘
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the NMR data, it can be seen that the resonance width is about
one—-eighth of the 60 cycle period or about 2 msec or 5 K¢ which
requires about 85 harmonics. This can readily be accomplished
within the limits of the FOCAL language.

We are currently writing digital filtering programs for this
type for experimentation within our intermediate laboratory.
Many facets of dlgltal filter design may be explored by the stu-
dents experlmenta ly. For example, the limitations of the numeri-
cal integration will result in less than ideal response. Tl
student can determine the actual response of the filter by ex-
periment. The effect of various cut-off frequencies on the signal
may be studied in regard to both low and high frequency noise.
This may also be an excellent place to introduce the student to
the fast Fourier transform algorithm. Introductory material and
standaxd reference works on.dlgltal fllterlng will be provided for
the student. | | |

Conclusion .

The above "computerized" experiments will be "student tested"

" for the flrst time this spring semester, 1971. We believe that

we have made an 1mportant step toward 1ntroduc1ng modern data

treatment technlques 1nto the phy51cs currlculum. It is such

technlcal SklllS that allow the phys;clst to bridge dlsclpllnes and

P‘make hlmself valuable to a w1de spectrum of employers.

~I
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' Fig. 2

[ l{fC‘ -~ FOCAL ptoghar,_n" for the Bragg diffraction ‘experiment. " The function
| .. FNEW (A,B) calls the A/D converter for range A and channel B.
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Teletype plot of Bragg diffraction data. The numbers in the first
Qo column arc-the angie © of fig. 1 in degrees. The second column is the
EI{L(? detector output in volts. This plot is for the (100) orientation.
e Note the secondary maxima on each 'side of the primary peak.
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- :0 The FOCAL time averaging program. The function FNEW in 1ibe 3.05 calls the
'IERJﬂj A/D converter. Arguments are scale range, channel number, and the time of
LA samp]ing. REEEEAEIN L T




NUMABER OF EVENTS 1.0633000

INITIAL BIN 0.3002000

FINAL BIN 45.00000 :

13231300 e

1.7890600 * v

19921900 * ‘ i

1e054690R ° - »

1.9218800 # , , .

24531300 * i

19765600 * -

16015609 - * . P

1.8233100 % :

2.3125080 x* ‘ , ' ' .

10 1.4921987 K :

11 27625030 *

12 2.3231339 Lok

13 2.035469G0 : * :

14 2.5234405 . x ;

15 5.0625039 * ' ‘

16 25546900 : ® .

17 4.1406300 *

19 4.5312500 - *

19 5.2381255A . * :

20 20859404 * : ) ;

21 1.35933803 * : :

22 1.71387500 , -

23 Be7578130 % . : ) ;

24 2.16406090 * - i
!
|

]

CANI2IVNLDOO-

.25 2.6436330 * ’ '
26 17265600 * _
27 1.5937503 * : ' :
2B 1.6093800 x o - ‘ b
29 1.3359409 o« . : - ! H
30 1.5156300 ok o , o P
31 1.93759230 o S o ' ! ;
32 2.6093839 .. . 0 .« , K ‘
33 36484490 LI _ * o '
34 31796900 S e e e ‘
35 2.1171998 o w B : . !
36 2.€486300 . w - : . o
37 3.4531320 1 s e |
33 €eBS546900 . ‘ S *
39 6.5328100 | S~ o e
40 57578199 - ' . , S *
41 4.0312500 . S e .
42 4.9609409 ' ’ N R , *
43 3.94312500 . . . S S R
44 1.8515600 ' * o S
45 1.8593330 , NP ' - '

I
R
i
£y
i

13

Fig. 6

The NMR signal with one ddta'samp1é 1h'eaghkbﬁn,v,The.46 bins cover
‘~fagghdkimatgly}ode§60¢cyc1e;periody;.The,f1rst_cq]umn_1sth¢;b1nvnumbgr.

:'”jwtheySecoﬁdgjswthefdetéctOﬁsoutPUt?iniYOItSQ33




NUMBER OF EVENTS S500.0060600

INITIAL BIN 0.0000000

FINAL BIN 45.000000

B.03310%4 *

PeBU898594 %

BeB7T19062 ~ ¥

#.0990312 *

Me 1341560 *

G.1154533 *

G. 13830470 *

0.1533289 * .

Ne1997970 Tk ' :

Ge3154840 *
13 2.5306093 - , ‘ *
11 3.9141410 *
12 1.2342700 _ ‘ _ *
13 1.3621709 ' ‘ *
14 1.3627900 ~ 3 - *
15 1.0471960 *
16 3.6332039 *
17 B.3415470 *
18 9.1118280 - * -
19 0.0462344 % : .
20 Q.9188281 * . .
21 0.0175625 * ‘
22 0.3282656 *
23 3.0353906 %

P24 B.0498438  *
25 0.0739844 %
26 H.0933469 %
27 G 1767660 *
28 MNe345%440 . S : : _ _ : j . i
29 9. 6733280 : * C 4
3% P.9344370 . . T o ok , :
‘31 1.168%2700 o B o SR ' *
32 1.2415604% . S R *
33 1.06591000 . , S *

34 05890160 R T e e '
35 P.255156% - . % -

36 G+0111719 R o
37 D.0021406
38 309396488

. 39 0.03043906
46 B.0B66719
41 D.0R46719
42 B.0R4B594
43 B.0121250
44 0.(283437 : B :
45 -B.G436406 *x - - !

14

VRN NDWN -

X KK X RE KK X

Fig 7 . |
| The scale is such that ‘ !
eraged NMR 51 nal with 500<samp1es in each bin. he SC |
est;Tth: thgn 35 are glotted as zero on the Te]etype. Fig's 6 @nd 7 are phase :
o 4, o 3 S | ﬁ




